Approximately 50% of entering college students intending to major in physical and life sciences never obtain a science degree ([@B36], [@B37]). Though tempting for policy makers, searching for a monolithic solution to broadening participation aims is misguided, because empirical research demonstrates that the reasons why people lose the motivation to pursue science education differ considerably across groups of students. For example, even among the most well-prepared and highly achieving students, those from underrepresented minority (URM; i.e., black, Latino, and American Indian) backgrounds experience unique cultural barriers in science education that can contribute to a loss of motivation to persist in science ([@B26]; [@B43]). URM students report experiencing negative campus climates that can generate a conflict between their cultural identities and science learning environments ([@B8]), and many URM students struggle to integrate their cultural identities with an emerging identity as a scientist ([@B4]; [@B56]). These students often do not see themselves as fitting their perceived images of scientists ([@B15]) and subsequently can lose interest in and disengage from science, typically switching to majors and career paths they perceive as more congruent with their cultural orientations. Even outside the science classroom, students' negative racial experiences can predict lower adjustment to college for high-achieving URM students, amplifying the lack of belonging that many URM students face ([@B45]; [@B26]; [@B2]). Negative racial experiences are not exclusively experienced by URM students, and students from all groups who report negative racial experiences early in their collegiate careers tend to report a lower sense of belonging, seeing themselves as less of a part of their campus communities relative to their peers ([@B27]; [@B32]). However, in one sample, URM biomedical or behavioral science students who had such negative experiences early in their collegiate careers were shown to be more negatively impacted academically relative to their white or Asian peers ([@B27]). Negative racial experiences persist beyond the undergraduate years as well. Black and Latino scientists report unique frustrations, including being confused for janitorial staff rather than recognized as members of their scientific community, an experience not reported by their white and Asian peers ([@B1]; [@B59]). This can help explain why the attrition rate for URM students is higher than that of their peers ([@B37]). But what are the cultural barriers in science education, how do they take shape within science classrooms or curricula, and how can we create more inclusive environments that make science education more attractive and fulfilling for those who have been traditionally underrepresented?

One type of cultural barrier in science education results from negative competence stereotypes about one's group. Even if a student from a URM group does not directly experience overt discrimination, he or she is likely to face regular experiences with racial microaggressions ([@B50], [@B51]), carry the burden of worrying that his or her performance will be judged through a stereotyped lens ([@B60]; [@B4]), and feel uncertain about whether he or she can develop a sense of belonging in the science community ([@B10]; [@B4]; [@B56]). A voluminous body of research driven by stereotype threat theory ([@B47], [@B48])---which posits that the academic underperformance of underrepresented students can be partly explained by an anxiety caused by the fear that others' judgments of their actions will be perceived as confirming negative stereotypes about their group's intellectual ability---has documented this cultural barrier, explicated the processes that underlie it, and presented many solutions for how science education can lessen these effects. This work has become quite well-known and is now cited in virtually all national reports on broadening participation.

A second cultural barrier in science education, and the focus of our research, suggests that what makes science careers and science education attractive for students might differ across cultural backgrounds. A key consideration is the fit between the cultural values that exist (or are perceived to exist) within science and the culturally connected values of the groups who are traditionally underrepresented in science. In particular, prior research has illuminated the importance to URM students of altruistic or prosocial values of helping society or giving back to one's community. Whereas students from all backgrounds tend to highly value the traditional or stereotypical intrinsic reasons for pursuing science (e.g., curiosity, enjoyment of problem solving, passion for discovery), the career interests of URM students are also more likely to be influenced by prosocial cultural values than the career interests of their peers ([@B29]; [@B54]). Specifically, the reasons why URM students pursue certain careers, or what they hope to gain from their careers, is culturally influenced by a career purpose orientation that highly values contributing to society and giving back to the community through one's work. This research suggests that, when URM students fail to see connections between this prosocial orientation and what they are learning about science (and science careers), they are likely to experience greater incongruity between their cultural and science identities ([@B13]; [@B54]).

What we know about the role of prosocial values in shaping the development of career interest among science students comes primarily from studies of successful scientists, who had completed their PhD and were reflecting back on the reasons why they chose their current academic or nonacademic career path, and from advanced undergraduates, who were deciding their futures with the benefit of experience collaborating with faculty in laboratory research. However, URM students' transition and adjustment to college is most sensitive to campus cultural dynamics during the early undergraduate period ([@B27]). Thus, the current research examines how prosocial values shape the development of students' science identity and their interest in science careers just as they are beginning their undergraduate science education. Specifically, we examine how college freshmen's perceptions that science will allow them to meet goals of embodying prosocial values influences their development of science identity and career interest differently across cultural groups. This research contributes to a converging body of evidence emphasizing the importance of meeting prosocial goals to broadening participation in science education and careers.

THE CULTURAL IMPORTANCE OF PROSOCIAL GOALS IN SCIENCE
=====================================================

Students from all backgrounds value tasks and careers that afford opportunities to work with and/or help others ([@B41]; [@B28]), but individuals from different cultural backgrounds place greater emphasis on these prosocial values than others. Previous research has documented the stronger prosocial orientation of ethnic minority groups that are underrepresented in science. For example, compared with white students, Latinos, African Americans, and American Indians place greater significance on the value of helping others through one's work, particularly giving back to one's community ([@B33]; [@B19]; [@B12]; [@B55]; [@B58]; [@B34]). Members of these cultural groups are more likely to emphasize participation in activities that benefit their ethnic community and making their community a priority ([@B33]; [@B55]).

Several recent survey and interview studies with advanced students or those who recently completed a PhD highlight the importance of prosocial values for URMs' choices to persist in science education. [@B56] found that working for the purpose of creating social change is more highly valued by URM undergraduate students than well-represented (WR; i.e., white and Asian) students, both inside and outside science education contexts. Further, among URM students originally in a science-related field, meeting prosocial goals was more highly valued among those who chose to leave science than those who stayed. Interview data with science graduate students expanded these findings to suggest that URM students pursuing PhD and master's degrees experience a cultural conflict with regard to the relevance of science to social issues and, thus, a divergence between their cultural and science identities. Among those URM graduate students who maintained integration between their cultural and science identities, redefining science for themselves with a focus on community and justice emerged as a successful strategy for persistence ([@B56]).

A second set of surveys addressed to alumni from a program for URMs in biomedical science supported the importance of prosocial values in science career interest ([@B57]). These alumni rated what would make a career as a PhD researcher in science appealing for students. The two most highly rated attributes for these URM alumni were 1) satisfaction and interest in doing science and 2) knowing that scientific knowledge they created would help members of their community. Further, among these alumni who left the research career path, several cited "a desire to help others in a more direct manner" as a reason why they chose an alternative career path ([@B57]). These surveys highlight the retrospective importance of prosocial connections to the pursuit of science careers for URMs.

A third survey---here involving participants who had already obtained their PhDs in a biomedical field---investigated the role that personal values played in whether science PhD graduates chose academic versus nonacademic careers. [@B13] found that, across groups, interest in pursuing faculty careers was driven by whether or not life as an academic scientist matched personal values. Specifically, if what an aspiring scientist felt was important to him or her personally and professionally could be best achieved in an academic setting, he or she was more likely to pursue a faculty career. However, URMs with a PhD were significantly more likely than those from WR ethnic groups to report having been motivated by the value they placed on the application of research to health problems specific to their communities. Further, PhDs from underrepresented groups uniquely reported feeling a responsibility to serve as role models in academia to combat the lack of representation that subsequent students would see of people who shared their underrepresented identity. URM PhDs who felt that the nature of faculty work would not allow sufficient engagement with such values were more likely to choose nonacademic career paths. Whereas individuals across groups reported less motivation to pursue science academically when they felt their work would not allow for practical application, URMs were uniquely affected by the realization that science would not allow them to work to impact their own communities. Importantly, when respondents felt that their prosocial goals could best be met in a science career, they were more likely to pursue a faculty career, despite acknowledgment of the great structural challenges (e.g., difficult job markets, low grant-funding rates, or high faculty workloads) to having a successful career in the biomedical workforce. This research demonstrated that all the way through the process of obtaining a PhD, matching cultural values could be more important than differences in performance (i.e., number and average impact factor of publications), and negative experiences with mentors or structural challenges, in whether talented individuals chose to apply their skills outside their originally intended science domains ([@B13]).

In addition to these interview and retrospective self-report studies, recent findings from a prospective longitudinal study of advanced undergraduates support similar conclusions ([@B54]). Specifically, the longitudinal study explored research career motivation among students who had already demonstrated the competence to be accepted by faculty members as student researchers in biomedical faculty laboratories. Here, URM students---but not white students---who perceived that science could afford their prosocial goals of helping others and giving back to the community reported being more involved in their lab activities and, subsequently, a greater interest in a science career over time ([@B54]). This research provided prospective evidence that cultural differences helped shape which personal values were influential in the development of science interest in advanced undergraduates. Owing to the cultural differences in what people look for in a career, helping students see how a science career can fulfill prosocial goals may remove barriers along the pathways into science careers, particularly for those groups who are most underrepresented in science.

CONSIDERING IMPORTANT INTERSECTIONS BETWEEN SOCIAL IDENTITIES
=============================================================

Each of the previously described studies highlights the importance of prosocial values in science for URM students. Empirical work in sociology, psychology, and education, however, suggests that, when examining college experiences of URM students, it is important to consider whether students come from families in which a parent has completed college or whether they are the first to attend college. Students who are the first in their family to attend college (first generation, FG) face unique challenges, such as less access to preparation for college expectations, relative to students who have at least one parent who graduated from college (continuing generation, CG). Perhaps, in part due to those challenges, attrition of FG college students occurs at nearly twice the rate of CG students ([@B7]; [@B40]). This alarming pattern has inspired several recent interventions to empirically test ways to reduce achievement gaps between FG and CG students (e.g., [@B44]; [@B17]; [@B49]). However, a review of such research noted that social class and ethnicity were often confounded in the subject populations, such that URMs were disproportionately overrepresented among FG students, making it difficult to disentangle the effects of ethnicity and FG status on student motivation and achievement ([@B18]). One exception examined FG status and ethnicity simultaneously, demonstrating that connecting students' personal values to science course work can be particularly helpful to FG-URM students, helping to close achievement gaps in undergraduate biology classroom performance. [@B18] implemented classroom interventions for students taking introductory biology courses, asking the students to write essays about the personal relevance of their course material. While this exercise helped all students engage more deeply in their course work, this was especially true for FG-URM students. The intervention reduced achievement gaps for FG-URM students by 61% for the course (relative to CG students from WR backgrounds). To understand why the intervention boosted performance, the researchers conducted content analysis of the essays. Relative to a control condition, FG-URM students' essays about how the current science course was relevant to them personally contained more discussion of prosocial topics such as advising or encouraging others. FG-URM students were also significantly more likely to refer to their families. These data suggest that FG-URM science students may be especially oriented toward finding connections in their science course work that support their cultural values of helping their families and communities.

OVERVIEW OF CURRENT STUDY
=========================

Previous empirical work has examined the relationship between perceptions of the ability to meet prosocial goals and science attrition for URMs from the advanced undergraduate stage through completion of the PhD. In the current study, we explore this relationship for first-semester college students---those who are just being introduced to science as a professional discipline. It is possible that those who are still just learning about the professional lives of scientists might not yet have formed an opinion on whether a career in science can meet prosocial goals. Alternatively, students may be more impacted by challenges to the notion that science can be used to meet prosocial goals before having concrete experiences in laboratories to develop their interest and motivation. A report from the U.S. Department of Education indicated that a failure to be engaged with rigorous and interesting science course work during one's freshman year is a greater predictor of a students' propensity to switch to another major than factors such as insufficient precollegiate preparation or overall academic performance ([@B37]). This finding was particularly strong among the highest-achieving students, suggesting that attending to students' early collegiate experiences may also be critical to retain the most highly qualified students in science fields.

Prior research addresses the concerns of those who have extended training and, frequently, a vision for what a specific career choice would entail (e.g., applying a specific research question to people from a particular community or mentoring a younger student from a similar background). However, less is known about role of personal or cultural value congruency among students just entering college, when much of the science attrition occurs. The present study was designed to address this gap in our understanding by engaging college freshmen about the role of their personal and cultural values in the development of their science identities and career interests. Through longitudinal surveys and a series of focus groups, we examined the role that prosocial values play in students' development of a science identity and desire to pursue a career in science, with a specific focus on how the values that students hope to fulfill through science careers vary across ethnic identities. The present study asks: Does variability across students' perceptions of prosocial affordances in their initial college experiences predict greater science identity and interest in scientific careers? We test whether variability in early perceptions of prosocial affordances across physical and life sciences majors students within the first few weeks of college predicts end-of-semester science identity and career interest. We supplement this longitudinal survey with a qualitative examination of our freshman student population through a series of focus groups to gain a more nuanced understanding of URM students' initial perceptions of science, interest in science careers, and prosocial cultural orientations.

We predicted that URM students, and particularly FG-URMs, would develop stronger identities as scientists and greater interest in pursuing science research careers when they saw science as providing opportunities to meet their culturally connected prosocial goals, particularly benefiting their community (see [Figure 1](#F1){ref-type="fig"}).

![Conceptual model predicting future science career interest.](ar42fig1){#F1}

SURVEY PHASE
============

Methods
-------

A longitudinal survey followed first-semester college freshmen planning to complete a science major across their first academic semester to test whether baseline perceptions that a science career would allow students to achieve their prosocial goals would predict their end-of-semester science identity and desire to pursue a career in science. This data collection was a part of broader study intended to identify the characteristics of URM students who persist in their science education. This broader survey administered several measures that are unrelated to the current research questions, including extensive demographic information (e.g., places of residence and upbringing, employment information, family size, and languages spoken) and surveys regarding students' social connections to scientists and science-related interactions with their family and friends. To answer the present research questions, we selected out only those variables with a priori theoretical connection to the role of cultural goals and barriers and one control variable that typically shows a strong empirical relationship with science career interest.

Participants
------------

First-year college students majoring in science were recruited from a large 4-year public university in Southern California via email. The authors gained access to all members of the incoming freshman cohort with declared intentions to major in a field represented in the College of Natural Sciences and Mathematics. Potential participants received an email that advertised an opportunity to participate in a longitudinal study with the aim of "understanding and improving science education at the university." The response rate to the email was 45%.

Participants were 249 first-semester freshman undergraduate students (69% female; mean age = 18). Of these participants, 119 were classified as being from a URM group (82 Latinos, eight African Americans, four Pacific Islanders, one American Indian or Alaska Native, and 24 of mixed ethnicity including at least one of the URM groups), 70 were Asian, 40 were white, and 20 were of mixed ethnicity not including any of the URM groups. The participants included 116 students who classified themselves as FG college students (78 FG-URM; 63 Latinos, four African Americans, one Pacific Islander, and nine of mixed ethnicity including at least one of the URM groups). The ethnic diversity is representative of the population from which the sample was drawn, and due to the diverse nature of the university, no targeting of specific ethnic groups was necessary to obtain this demographic diversity.

Procedure
---------

The analysis covered one academic semester. At time 1 (2--3 weeks into the Fall semester) all students completed an initial online survey that probed measures of beliefs about whether or not a career in science would afford (or fulfill) prosocial goals, a measure of how much students self-identified as scientists psychologically, and a measure of how interested the students were in having a career in science. Simple demographic information, including FG status and URM status (i.e., ethnicity) was also collected. The time 2 survey was administered 1 week after the conclusion of the semester (∼12 weeks later) and included the same measures as in time 1. Two hundred and seven (90 URM) of the initially recruited students participated in the time 2 survey.

Materials
---------

For measuring beliefs about whether or not a career in science would afford meeting prosocial goals, participants received the prompt: "*Different people feel like they get different things from their work. Below is a list of some of these things. Please read each one, then indicate the extent to which a career working in science is likely to fulfill these things for you.*" Participants were then asked to rate their agreement (possible responses to each scale ranged from "1: Not at all" to "7: Very much") with the expectation that a career in science will allow them to: 1) "Make a contribution to society," and 2) "Give me an opportunity to be directly helpful to others," 3) "Do work that is worthwhile to society," and 4) "Give back to my community" (α = 0.72; adapted from [@B29]).

Participants completed a six-item scale measuring how strongly they identified with being a scientist (α = 0.88 at time 1, α = 0.91 at time 2; adapted from [@B6]). Participants were asked to what extent they agreed with items such as the following samples: "I have come to think of myself as a 'scientist,'" and "I feel like I belong in the field of science." Students' desire to pursue a career in science was measured by asking them to complete a two-item measure that included the questions: "Could you see yourself building a career as a scientist?," and "How committed are you to a career in science?" (α = 0.77 at time 1, α = 0.90 at time 2; adapted from [@B6]).

The survey also included a measure of students' performance expectations in science classes while entering college. Students reported their agreement with a single item: "I expect to do well in all of my science classes." This item was assessed as a covariate as described below (see *Indirect Effects of Prosocial Affordance Perceptions on Career Interest via Science Identity*).

Data Preparation and Analysis
-----------------------------

We examined the correlations between early-semester (time 1) perceptions of science as affording students the ability to fulfill their prosocial goals and end-of-semester (time 2) science identity, while controlling for early-semester (time 1) science identity. By controlling for time 1, we test the hypothesis that initial perceptions of science as affording students the ability to fulfill their prosocial goals can predict the development of science identity at the earliest stages of students' careers. We conducted partial correlations separately for each of four groups of students: FG-URM, CG-URM, FG-WR, and CG-WR. The data patterns for WR students were similar across groups (i.e., white and Asian students); we therefore aggregated across those students for the analyses of this study (for more on why one should be cautious in assuming that white and Asian students will follow similar patterns, see *Focus Group Phase* below).

We then used the computational tool PROCESS ([@B20]) as an SPSS macro utility to estimate the indirect effects of prosocial affordances on career/graduate school interest via increased science identity for each group of students. The statistical model (PROCESS model 9) tests for moderated mediation, wherein science identity (at time 2) was predicted to mediate the effect of prosocial affordance (at time 1) on science career/graduate school interest (at time 2) for FG-URM students, but not for CG-URM, FG-WR, or CG-WR students. The analysis model provides complete regression results for predicting the mediator (time 2 science identity) and the outcome (time 2 science career interest), controlling for time 1 perceived competence, time 1 science identity, and time 1 science career interest. For our predictions, which focus on a single group among the four, the critical test is the test for mediation (indirect effect) that is provided separately for each group.

Results
-------

### Baseline Profiles.

Our student population had similar profiles entering freshman year (see [Table 1](#T1){ref-type="table"} for means and SEs for each URM by generation intersection). No significant differences in science identity and career interest across URM and generation status (i.e., either main effects or interactions) were observed. There was a main effect of generation status on beliefs about whether or not a career in science would afford meeting prosocial goals (*F*(1, 231) = 4.45, *p* = 0.036), such that FG students (M = 5.68, SE = 0.11) had a greater belief in the prosocial affordances of a science career, relative to CG students (M = 5.37, SE = 0.10). There was no main effect of URM status and no interaction effect.

###### 

Profiles of freshman students (means and SEs) at time 1 and time 2, with generation by URM status intersections

                               Prosocial affordances   Science identity   Career interest                               
  ------------------- -------- ----------------------- ------------------ ----------------- ------------- ------------- -------------
  CG-WR (*N* = 92)    M (SE)   5.50 (0.12)             5.28 (0.15)        4.83 (0.14)       4.79 (0.17)   5.80 (0.15)   5.54 (0.18)
  FG-WR (*N* = 38)    M (SE)   5.62 (0.18)             5.53 (0.17)        4.60 (0.21)       5.03 (0.21)   5.78 (0.21)   5.71 (0.20)
  CG-URM (*N* = 37)   M (SE)   5.24 (0.17)             5.24 (0.27)        4.52 (0.21)       4.59 (0.25)   5.58 (0.20)   5.38 (0.28)
  FG-URM (*N* = 78)   M (SE)   5.75 (0.12)             5.77 (0.13)        4.83 (0.15)       4.83 (0.18)   5.77 (0.15)   5.70 (0.18)

CG = continuing-generation college students; FG = first-generation college students; WR = well-represented ethnic group; URM = underrepresented ethnic group. None of the differences are statistically significant. All means are on a seven-point scale.

### Partial Correlations.

Partial-correlation data indicate that initial beliefs that science will allow students to meet prosocial goals significantly correlated with greater science identity at the end of the semester only for FG-URMs (*r*(75) = 0.31 *p* = 0.016). There was not a significant partial correlation for CG-URMs (*r*(34) = 0.18, *p* = 0.350), FG-WRs (*r*(35) = −0.15, *p* = 0.438), or CG-WRs (*r*(89) = −0.11, *p* = 0.390).

Similarly, we examined the correlations between early-semester (time 1) perceptions of science as affording students the ability to fulfill their prosocial goals and end-of-semester (time 2) desire to pursue a science career, while controlling for early-semester (time 1) desire to pursue a science career. Partial-correlation data indicate that initial beliefs that science will allow students to meet prosocial goals did not significantly correlate with greater science career interest at the end of the semester for FG-URMs (*r*(75) = 0.09, *p* = 0.50). Nor was there a significant correlation for CG-URMs (*r*(34) = −0.12, *p* = 0.536), FG-WRs (*r*(35) = 0.02, *p* = 0.914), or CG-WRs (*r*(89) = −0.10, *p* = 0.429).

End-of-semester (time 2) science identity and end-of-semester (time 2) desire to pursue a science career were positively correlated for each group: FG-URMs, *r*(75) = 0.61, *p* \< 0.001; CG-URMs, *r*(34) = 0.63, *p* \< 0.001; FG-WRs, *r*(35) = 0.67, *p ≤* 0.001; and CG-WRs, *r*(89) = 0.80, *p* \< 0.001.

Our theoretical model suggests that perceiving science as affording opportunities to fulfill culturally connected prosocial goals should increase science career interest for freshman FG-URM students, because it helps them develop a greater sense of identity as a scientist. This is consistent with previous research on advanced undergraduates participating in research labs, which found that perceived prosocial affordances of a career in science indirectly increased URM students' future science career interest through increased psychological engagement ([@B54]). Therefore, we next examined this mediation prediction using regression analyses with bootstrapped indirect effects.

### Indirect Effects of Prosocial Affordance Perceptions on Career Interest via Science Identity.

Overall, the model predicted a statistically significant amount of variance in science identity (*R*^2^ = 0.46, *F*(7, 185) = 26.65, *p* \< 0.001) and career interest (*R*^2^ = 0.61, *F*(4, 188) = 73.81, *p* \< 0.001). For the critical test of our predictions, the indirect effect results demonstrate that a significant positive indirect effect of prosocial affordance on science career interest through science identity was found only for FG-URMs, as the 95% bias-corrected bootstrap confidence interval (0.03--0.29) was greater than zero (see [Table 2](#T2){ref-type="table"}). For FG-URMs, perceiving science as more likely to afford prosocial goals predicted greater science identity, which in turn predicted greater interest in science careers at the end of the semester. For CG-URM (−0.07--0.28), FG-WR (−0.16--0.20), and CG-WR (−0.21--0.05) students, however, this indirect effect was not significant, as each 95% bootstrap confidence interval contained zero.

###### 

Test of science identity as mediating the effect of initial perceptions of science affordances on interest in a career/graduate school in science for CG-WR, FG-WR, CG-URM, and FG-URM students

           Effect   SE      CI low^a^   CI high^a^
  -------- -------- ------- ----------- ------------
  CG-WR    −0.041   0.060   −0.212      0.045
  FG-WR    0.010    0.089   −0.156      0.201
  CG-URM   0.097    0.089   −0.071      0.289
  FG-URM   0.148    0.064   0.031       0.290

^a^CI low and CI high represent the range of the confidence interval for each generation by URM status intersection.

Next, we tested the model again, this time controlling for students' performance expectations, because differences in performance expectations have been used to explain group-based differences in interest ([@B31]; [@B30]). Further, early class performance expectations are correlated with actual performance (grades), interest in classes, and subsequent interest in the field ([@B16]). Thus, it is important to demonstrate that effects of prosocial affordance perceptions are reliable above and beyond effects of performance expectations on motivation to persist in science. Controlling for performance expectations, the model still predicts a statistically significant amount of variance in science identity (*R*^2^ = 0.47, *F*(7, 185) = 20.68, *p* \< 0.001) and career interest (*R*^2^ = 0.62, *F*(4, 188) = 59.01, *p* \< 0.001). Again, a significant positive indirect effect of prosocial affordance on science career interest through science identity was found only for FG-URMs (95% CI: 0.01--0.25), But not for any other group: CG-URMs, −0.14--0.24; FG-WRs, −0.13--0.24; and CG-WRs, −0.19--0.04.

Conclusion
----------

These results indicate that, as early as freshman year, whether students see that science will allow them to fulfill prosocial goals can be more important for underrepresented students in science fields than for students who are traditionally well represented. As suggested by previous research ([@B18]), the intersections of social identities are important here as well. The moderating impact of ethnicity only held for FG college students. It is interesting to note that, while the correlation between the perceived prosocial affordances of science and science identity was not significant for CG-URM students, it trends in the same positive direction as for FG-URM students. Thus, it is important not to rule out the possibility that the perceived prosocial affordances of a science career can be important to all underrepresented students beyond the first semester of college, as has been found in previous research (e.g., [@B54]). Rather, we argue that protecting such perceptions may be particularly important to FG-URM students at the beginning of their college careers.

While this provides evidence supporting the importance of considering both ethnicity and FG status when understanding student motivation and persistence, it provides a limited view into the different form that these motivations might take across groups. To better understand the different motivations expressed between cultural groups, we conducted focus groups with the ethnic groups with the largest populations on campus, including Latino, Asian, and white students (data collection and the survey study occurred simultaneously). In these focus groups, we probed students for the nuanced values that motivate their desire to pursue science.

Limitations
-----------

This survey is limited in that the data collection only spans the course of students' first semester of school. These data speak to the importance of being attentive to students' perceptions of the prosocial affordances of future science careers early in students' careers. However, further research is needed to determine how long throughout the course of students' academic careers such perceptions predict future career interest. The current study does not address these longer-term questions.

FOCUS GROUP PHASE
=================

Methods
-------

A series of focus groups were conducted to gain a deeper understanding of URM and WR freshmen's initial perceptions of science, interest in science careers, and prosocial cultural orientations. Focus groups are an ideal methodology to generate nuanced domain-specific content and are particularly useful in identifying and understanding culturally specific knowledge and meaning that members of a group share ([@B23]; [@B52]).

Participants
------------

Using the recruitment methodology from our survey, freshman students were recruited based on sex and ethnicity characteristics to create homogeneous groups (e.g., Latina female group; Asian male group), as recommended by [@B35]. Sixty-seven students participated in 11 focus groups (56% female; mean age = 18.3). Of these 67 participants, 31 self-identified as Latino (46%), 23 as Asian (34%), and 13 as white (19%). The participants included 31 (46%) students who classified themselves as FG college students. However, homogeneous groups of FG and CG students were not created for each gender and ethnicity intersection, and as expected, ethnicity and generation status were not independent. Among the WR groups, most identified as CG. Ten out of 13 white students identified as CG, and 16 out of 23 Asian students identified as CG. In contrast, among Latinos, most (21 out of 31) identified as FG. In exploring the contrasts between FG and CG students, we focused only on Latino students, for two reasons. First, only this group had large enough sample sizes of FG (21) and CG (10) students to draw meaningful comparisons. Second, in the survey data, the effect of prosocial affordances was found to predict future motivation and interest only for FG-URMs, and we were most interested in comparisons between FG-URMs and CG-URMs.

Procedure
---------

Following participant sign-ins and introductions, the study purpose was described at the beginning of each focus group. Informed consent and confidentiality regarding the discussion and deidentification of data in the audio recording was explained in detail. Participants were compensated with a \$50 gift card immediately following the consent procedure. At the end of each focus group, participants completed a demographic questionnaire and were thanked for their participation.

Each focus group was moderated by an experienced PhD trained as a qualitative researcher (Latino/bilingual--bicultural) and a graduate student (Latino/bilingual--bicultural) using guidelines proposed by [@B35]. Diagrams of the seating arrangements and notes were taken for each focus group by the graduate student comoderator with some note-taking assistance from other graduate student team members (one white female and one Latino male). The semistructured interview guide contained open-ended questions pertaining to science interest, precollege preparation, familial and cultural influences, and degree and career aspirations. Each group lasted ∼90 min. The number of focus groups was determined by the saturation of data (e.g., data replication and redundancy in participant responses to main research questions). Constant comparative methods were used to determine saturation ([@B14]).

Data Preparation and Analysis
-----------------------------

Following transcription, the audio recordings were reviewed by the moderators (G.G. and I.L.) to ensure accuracy of transcription. Following procedures outlined for conventional and directed content analysis ([@B22]), G.G. and I.L. analyzed the transcripts. Content analysis is a qualitative research method used to interpret meaning from the content of text data through the systematic process of coding and identifying themes or patterns ([@B22]). The initial codes ("themes" or "ideas" in the text) were developed through debriefings and ongoing conversations about the data and while studying the data and literature. Then the codes were revised in meetings aimed specifically at developing codes across the 11 focus group transcripts. The refinement of codes helped to test developing themes within and across focus groups of different students and to record a wider range of the students' experiences in studying science. The transcripts were imported into NVivo qualitative data analysis software (QSR [@B39]) for coding and analysis (i.e., identifying key themes, patterns, ideas, and concepts within the text data). The coding was checked by I.L. to ensure that the code definitions were consistently applied across the transcripts and then categorized. Categorizing consists of a researcher selecting certain codes as having significance in explaining events or processes in the data ([@B5]). This process consisted of both searching for the presence and absence (i.e., negative cases) of key themes/concepts.

Results
-------

A content analysis of the transcripts revealed several themes. For the purposes of this mixed-methods paper, a theme focused on students' sociocultural influences on their educational and career pursuits (with three subthemes) was selected due to the overlap with the survey findings. These subthemes are 1) role of cultural background, 2) broader prosocial goals, and 3) family-specific prosocial goals. While most subthemes came up in all of the focus groups (i.e., subtheme 1 was present in 73% of focus groups, subtheme 2 was present in 100% of focus groups, and subtheme 3 was present in 82% of focus groups; see [Table 3](#T3){ref-type="table"}), differences between students are noted in each subtheme section. [Table 4](#T4){ref-type="table"} presents exemplar quotes from the students to illustrate the subthemes.

###### 

First-level coding of participants' statements regarding the three subthemes

                Education   Themes^a^           
  -------- ---- ----------- ----------- --- --- ---
  Asian    6    1           5           X   X   X
  Asian    10   5           5           X   X   X
  Asian    7    1           6           X   X   
  Latino   7    5           2           X   X   X
  Latino   6    2           4           X   X   X
  Latino   7    5           2           X   X   X
  Latino   5    3           2           X   X   X
  Latino   6    6           0           X   X   X
  White    7    2           5               X   X
  White    4    1           3               X   X
  White    2    0           2               X   
  Total    67   31          36                  

^a^X indicates the presence of a subtheme in a particular focus group.

###### 

Sociocultural influences on educational paths

  Theme                             Exemplar quotes^a^
  --------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Role of cultural background       \[My mother\] said "If I had the opportunities you had, I would take them. So don't waste them because you have them." (Female, Latina, FG, 3)
                                    I really feel like it wouldn't be just an achievement for me but my parents would be really proud. They have put in so much effort for me. I have the resources they didn't have growing up in order for me to succeed. So that definitely motivates me to get a degree. (Male, Latino, FG, 7)
                                    I have the chance to make a better future for myself and if I don't do it, it would be like we did all this for nothing because they struggled a lot. Both my parents were, they were born in Mexico, and actually my grandpa was the first one to come over here. (Male, Latino, FG, 3)
                                    For the females, it's not "Get an education to better yourself, but marry someone that's rich." For the guys, they put all the support on the males to get them an education and the females have to use whatever they had. (Female, Latina, FG, 6)
  Broader prosocial goals           I kind of have the same goal in giving back to the community and helping out others. I feel like, at least a dentist gives people a lot more confidence if they fix someone's teeth. It is just satisfaction they get seeing that patients smile when they walk out of the office. I think that is really satisfying as a career and it will motivate me to wake up every day, to go to work and help others. (Male, Asian, FG, 5)
                                    I think it's the whole reason \[connection between career and giving back\]. You put a lot of effort into going in to class and finishing your homework and reading the chapter and paying attention in class because you want to give back to society. (Female, white, FG, 9)
                                    Well the career I am pursuing is education, so I know going into this ... it's not about the money as much with your degree. I want to help others like others helped me. (Male, Asian, CG, 5)
                                    I think it is important. It all goes back to the community. We are a society so therefore there is a community, it's not just about yourself. It's about yourself and those around you. Essentially you are involved. (Male, Latino, FG, 10)
  Family-specific prosocial goals   It \[science education\] will help because the great income will help my dad stop working so much. He works like three jobs right now. Getting a civil engineering degree will help my family mostly. (Female, Latina, FG, 3)
                                    My family are immigrants. And same as Ana in the sense that I am the only kid who wanted to go to a four year out of my family ... I want to do good because I don't, in a way I appreciate everything my parents did for me, but I don't want to live like that. I want to, how Juan said, support them. (Male, Latino, FG, 10)
                                    Seeing as, are most of us Asian? Yeah? I think there's this whole concept from very traditional Asian families, you're going to try and hopefully go into a job that will give you the financial stability for when you have a family or your future life. I feel that was instilled in me at a very young age. (Male, Asian, CG, 5)
                                    I think being financially stable for me because all my life I've been really poor. Being here and fighting to go to the top, to get a good job, and to have a better life for my kids. (Female, Latina, FG, 6)

^a^Numbers in parentheses refer to the focus group number (1--11).

Sociocultural Influences on Students' Educational and Career Pursuits
---------------------------------------------------------------------

### Subtheme 1: Role of Cultural Background.

The role of cultural background and values played a significant role in both Latino and Asian student's interest in pursuing a science career. This theme was not present in any of the focus groups with white students, whereas it was present in all focus groups with Latino or Asian students. When asked whether culture or values played a role in their educational pursuits, 78% of Asian and 77% of Latino students discussed the importance of family and how it influenced their goals. Among the Latino students, 86% of FG students and 60% of CG students reported the influence of their cultural background. For example, an FG Latino male student noted, "I want to say it's based on values. More for me, family values. Neither of my parents went to college so they raised me and my younger brother to always want to pursue more education. They would always push us to get better grades and make sure that we did the best we could at school, so we could keep wanting to be in school and go further than they ever did." Students also viewed pursuing a science career as a means of making their families proud. For example, an Asian female said, "I feel because I'm the first in my family to go to college, I want to be a good role model to my little brother and I want to succeed in what I do to show him that he can do it too and make my family proud." And students talked about their roles in fulfilling their parents' aspirations for a better life in this country. These students reported feeling an obligation to their parents given the sacrifices their parents made (e.g., immigrating, working multiple jobs).

Parental support in pursuing an education was reported in most focus groups (91%). These comments generally referred to the perception that parents are supportive of their children pursuing an education or career of their choosing. However, among Asian students, 43% noted that their parents strongly encouraged specific science careers (e.g., doctor, pharmacist). These students may feel obligated to pursue a helping profession, because these are viewed by their families as being more stable, successful, and prestigious careers. In contrast, 23% of white students and only 3% of Latino students indicated that their parents expected them to pursue specific science careers.

### Subtheme 2: Broader Prosocial Goals.

Giving back to society was described in every focus group as one of the reasons for pursuing a science degree and career. Most Latino students (87%) reported prosocial reasons for pursuing their careers. In contrast, rates were lower among Asian (65%) and white students (54%). Disaggregating across generational status, the majority of both FG (17 of 21; 81%) and CG (10 of 10; 100%) Latino students reported broader prosocial goals. Students that felt a strong need to give back reported various ways in which their intended career goals would benefit society. These examples varied from constructing bridges to discovering new cures for cancer. Comments made by Latino students on the importance of giving back to their community included examples of personal experiences with family members being hospitalized or managing chronic conditions. For example, an FG Latina female student whose sister passed away from lupus said, "Basically, I want to make an impact, like find better treatments for diseases like lupus or cancer ... I feel if I do that, I'll be helping in her in a way, because I'll be helping others like her." Their comments suggest that they experience both a desire to contribute to society and sense of responsibility to their community. For example, when asked whether giving back to the community was important, another FG Latina student said, "I think so, because that's the whole purpose of it. Having a job that you could be proud of and that's actually helping other people. Not just where you want to work and benefit yourself. When you're working to help others or a group, that's the whole point."

### Subtheme 3: Family-Specific Prosocial Goals.

The importance of students pursuing a science career to financially support their families was described in most focus groups (82%). More specifically, 55% of all Latino students, 26% of Asian students, and 15% of white students noted family-specific prosocial goals (e.g., financial stability, serving as a role model to siblings). Among the Latino students, 66% of FG students and 30% of CG students reported family-specific prosocial goals. Many of these students came from backgrounds in which their families experienced economic hardship. These students noted that they wanted to pursue a science degree and career because it would likely lead to stable, high-paying jobs that could financially support their immediate families and their own future families. An FG Latina female student said, "I want to make enough money to help my dad stop working because he's been working since he was little. So I guess my reason would be to make enough money for my parents." In general, student's comments indicated that they did not take issue with the expectation or obligation to financially support their families. Among all students, only 7% expressed dissatisfaction with the pressure their families placed on them. These students stated that their families did not acknowledge their personal interests and the diversity of science careers that can provide financial stability. An FG Asian female student said, "I feel pressure because they always tell me, 'you should do this, you should do that.' I want to do what I want to do." Across all groups, students reported that they thought that educational pursuits in science would lead to careers that would provide financial stability.

### Group Differences in Subtheme Endorsement.

Across the 11 focus groups, patterns emerge in the endorsement of sociocultural educational influences for each ethnic group (see [Table 3](#T3){ref-type="table"}). The majority of Asian and Latino students reported their cultural values influencing their academic pursuits, whereas this theme was absent from all focus groups with white students. Conversely, the majority of students from each ethnic group endorsed the importance of prosocial goals in career choice. However, such goals were more prevalent for Latino students (87%) relative to Asian (65%) and white students (54%). Finally, Latino students were the only group for whom the majority of students endorsed family-specific prosocial goals, and thus, the only group for whom the majority of students endorsed all three subthemes as influencing their educational choices.

Conclusion
----------

Results suggest that nuanced differences exist between Latino, Asian, and white freshmen's reasons for pursuing a science education. Latino students reported a greater connection between broader prosocial goals and their reasons for pursuing a science degree or career. Further, FG Latino students were more likely to express unique symbolic goals, such as being the first to get a college degree in one's family as a means of raising the prestige of one's family as a whole. Latino students were more likely to value the ability to provide practical financial support to their parents. Comments from Latino and Asian students indicate that their cultural backgrounds and values also play a significant role in their interest in pursuing a science education, as it affords them the possibility of satisfying symbolic and practical goals related to their families. Such sentiments were also more likely to be expressed by FG Latino students, relative to CG Latino students. The findings suggest that Asian and Latino students pursue science careers as a means of making their families proud, improving their families' standing, and fulfilling their parents' aspirations for a better life. Importantly, FG Latino students were the only group to have the majority of participants mention all three subthemes, reflecting a more complex set of prosocial motivations for pursuing a science degree and career. This may help explain the results of our longitudinal survey, where early-college FG Latino students were more strongly impacted by perceptions of science as able to fulfill prosocial goals, relative to CG Latino students. Though almost all Latino students reported the importance of giving back to one's community with one's work in the focus groups (subtheme 2), for FG Latino students, a prosocial science career would fulfill a broader set of goals (i.e., subthemes 1 and 3).

GENERAL DISCUSSION
==================

Our results demonstrate that students' perceptions that prosocial values of helping others and giving back to the community can be fulfilled by a career in science can lead many URM students to become more interested in such careers. This finding is consistent with research finding that advanced URM students who recognize that their research fulfills prosocial goals are more psychologically involved in their research, which in turn leads to greater interest in pursuing science research careers ([@B54]). However, unlike previous research on prosocial goals and science motivation, the current research indicates that these perceptions of science may be more important to some URM subgroups relative to others and that effects on science identity plays a critical mediating role in this process.

The importance of students' science identity development in this process should not be surprising, given the findings that students from URM backgrounds often struggle to connect their personal/cultural and science identities ([@B4]; [@B56]). When science is seen as failing to provide opportunities to fulfill students' prosocial cultural values, misalignment is created between their identities. But when students, in particular FG-URMs, can see science as providing opportunities to fulfill their culturally connected prosocial goals, they should experience greater congruity between their personal/cultural and science identities. During a life period when identity formation is a major developmental goal ([@B11]) and undergraduate students are committing to and switching majors frequently, finding ways to help diverse sets of students authentically identify more strongly with science is important for broadening and sustaining participation.

As previous intervention work suggests ([@B18]), intersections of social identities are important to consider as we strive to discover the best practices for diversifying and broadening participation in science education. Future interventions should consider addressing nuanced sets of motivators tailored to excite the diverse sets of underrepresented students who are at highest risk of attrition. Specifically, a better understanding of the subgroup differences between FG- and CG-URM students will assist retention of the broadest sets of students. Our qualitative focus group data contribute to that understanding by identifying additional symbolic (i.e., raising the status of one's family) and practical (i.e., providing financial support to one's family) concerns that FG-URM college students are motivated by when selecting their career paths.

This research contributes to the growing body of evidence showing that attending to ways in which science can help students embody their personal values is an important aspect of science education, but even more so for particular groups of students ([@B25]; [@B24]; [@B17], [@B18]). Future work planning interventions to help students maintain their belief that science can, in fact, help them meet their goals should consider testing interventions that specifically address the ability to fulfill prosocial goals, comparing this effect against already successful general utility value interventions.

Future research should also compare historically underrepresented groups (i.e., blacks, Latinos, and American Indians) directly to see whether these patterns hold across these groups. One limitation of our research is that the URM sample is primarily Latino in the quantitative survey phase and exclusively Latino in the qualitative focus group phase. Previous research has shown that various cultural groups that are underrepresented face similar cultural barriers and, thus, might be expected to follow similar patterns. However, the present research does not test this hypothesis directly. More work is needed to help inform the retention efforts of science educators across underrepresented groups.

Regardless, science educators should consider highlighting how course material is applicable to helping one's community as a means of protecting students' initial interest in science careers. Whereas this might be more likely to occur in advanced or specialized undergraduate courses, our findings suggest that broadening the possible definitions of what science is and what science pursuits can afford matters, even for first-semester freshmen. To fulfill the commitment expressed at the national level by national agencies such as the National Science Foundation (NSF) and National Institutes of Health and professional scientific societies, we must use what we have learned about why students pursue science and integrate this wisdom in our everyday teaching strategies.

As we move forward, it may become increasingly important to engage URM students about the opportunities to use science to meet prosocial goals from the very beginning of students' college experience (if not sooner). Interviews with URM scientists who have chosen against academic careers indicate that they are questioning the direct relevance of their pursuit of science ([@B13]). These considerations are occurring in a broader context wherein culturally relevant social issues (e.g., racial disparities in police use of force, criminal sentencing, or immigration policy) have become part of our everyday conversations with violent urgency. Many URM aspiring scientists feel confronted with the question of the prosocial importance of channeling their passion into intellectual pursuits relative to redirecting that energy toward activism. To ensure continued progress in broadening participation in science fields, we must emphasize to young students how science will allow them to make significant contributions to society and not just find significant statistical results.
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